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The constant evolution of medical knowledge and accompanying development
of diagnostic and treatment possibilities for arrhythmias and conduction distur-
bances has reawakened interest in the structure and function of the conduction
system of the human heart, especially in the region of the atrioventricular (AV)
junction and within the junction itself. Of the large number of studies dealing
with the AV junction few focus on the initial zones of the AV node. These were
described for the first time by Tawara in 1906. Similarly, Anderson et al. distin-
guished two origins of the AV node, the left one running towards the basis of
the mitral valve and the right one leading towards the tricuspid valve. The differ-
ences in length and scale could be the result of the adoption of different refer-
ence points.
The study was carried out on the material of 50 human hearts, of both sexes
and ranging in age from 22 to 93, which were fixed in 10% formalin and 98%
ethanol solution. The tissue obtained was fixed in the 10% formalin solution
and, after being sunk in the paraffin, was cut into layers of about 10 µm thick.
According to the age of the hearts, every 10th or 6th section was stained by the
Masson-Goldner method. The preparations were examined under a LEICA 2000
and BIOLAR 2 microscope at magnifications of 2× to 400×.
Each of the 50 examined hearts contained the atrioventricular node and its ini-
tial parts. We observed that the initial zone of the AV node is created by an
assembly of cells typical for a conduction system that can create three groups
that are initially independent of each other and are always arranged around the
AV nodal artery. In all the hearts examined we found at least two initial parts of
the node: the superior and inferior. These two groups were present in 45 hearts
(90%). In the last 5 cases (10%) there was also a middle group. No cases were
found either with a single initial group or without any initial groups. In the
sections examined the superior group appeared to be first in 27 hearts (54%),
while in 23 cases (46%) the inferior group was first. The length of each group
was measured from its first appearance to its first direct contact with the second
part. The length of the superior part varied from 0.15 to 2.91 mm (mean 0.90 ±
± 0.6 mm), the inferior from 0.11 to 2.41 mm (mean 0.88 ± 0.6 mm) and the
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middle from 0.67 to 2.21 mm (mean 1.04 ± 0.7 mm). As mentioned above, in
all 50 hearts there was a direct connection between the atrial muscle and the
upper origin of AV node. Furthermore, in all sections (100%) the same part of
the interatrial septal muscle was connected to the compact part of the node.
Additionally, in 3 cases (6%) we were able to observe direct connections be-
tween the muscle fibres running from the fasciculus limbicus inferior to the
initial zone of the AV node: in 2 cases (4%) with the superior group and in
1 case (2%) with the inferior group. In 8% of the material the atrial muscle of
the supra-orificial zone made direct contact with the superior initial group and
the compact zone of the node and in 10% there was contact between the
suborificial muscle and the inferior group and the compact part of the node.
This configuration was not observed in relation to the middle and inferior groups.
Key words: posterior extensions, initial zones, atrioventricular node,
human heart
INTRODUCTION
The constant evolution of medical knowledge and
accompanying development of diagnostic and treat-
ment possibilities for arrhythmias and conduction
disturbances has reawakened interest in the struc-
ture and function of the conduction system of the
human heart, especially in the region of the atrio-
ventricular (AV) junction and within the junction
itself. The structure referred to is localised within
Koch’s triangle, which is limited by the attachment
of the septal leaflet of the tricuspid valve, the ten-
don of Todaro and the orifice of the coronary sinus
[1, 6, 7]. Knowledge of the mechanism of the re-
entry wave arising has created the basis for current
clinical electrophysiology. One of the arrhythmias
originating from the re-entry wave is atrioventricu-
lar nodal re-entry tachycardia (AVNRT). The existence
of two AV conduction pathways within the AV node
has been confirmed during electrophysiological stud-
ies on individuals suffering from this kind of arrhyth-
mia. This was observed for the first time by Moe and
Preston in 1956 [3] and confirmed by a microelec-
trode examination of the conduction system by Men-
dez and Moe in 1966 [17]. At first the exact location
of pathways as the possible substrate for arrhyth-
mia was a very controversial issue. As a result of ab-
lation procedures and in-operation mapping it was
possible to determine their topography precisely [3].
It is assumed that these pathways lie within the
boundaries of Koch’s triangle and not, as believed
earlier, within the AV node itself. The fast pathway
is located in the vicinity of the AV bundle, while the
slow one lies just by the orifice of the coronary si-
nus. There is also some evidence that the circumfer-
ential pathway of conduction does not include the
node itself but its environs. Some healthy people
without any evidence of AVNRT also have a double
conduction pathway through the AV node. More-
over, no significant differences in anatomical struc-
ture have been found in patients with a confirmed
diagnosis of AVNRT. Of the large number of studies
dealing with the AV junction, few have focused on
the so-called “posterior extensions” or “initial zones”
of the AV junction. In addition, some of the studies
fail to confirm our observations, while others are in
contradiction to them [1, 8, 11, 19, 20]. Taking this
into consideration, we decided to examine the mor-
phology of the initial zones of the node and to find
the answer to the question of whether an anatomi-
cal substrate for AVNRT exists.
As mentioned above, few studies on the AV junc-
tion have so far drawn attention to the initial zones
of the AV node. These were first described by Tawara
in 1906 [20]. His observations were made on the
basis of extremely restricted material, only 5 hearts
being studied, and this may have given rise to the
diversity of opinions. Similarly, Anderson et al. [1]
distinguished two origins of the AV node: the left
one running towards the basis of the mitral valve
and the right one leading towards the tricuspid valve.
We distinguished a third group in addition to these
[11], a middle one. The variation in the findings may
result from the lack of detailed data on the hearts
examined. Inoue and Becker [9] also mentioned the
origins of the node; from an examination of 21 sec-
tions they founded that the origins of the node fell
into three different schemes: in the first both groups,
the left and the right, were present (13 hearts); in the
second the only group present was the left one
(1 heart), and in the third only the right group was
observed (7 hearts). These results run completely
counter to the earlier observations made by Inoue
and Becker [9] in other studies. Their findings are
not at all in accordance with our study. These hearts
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were derived from individuals with serious lesions
of the circulatory system and other diseases. The dif-
ferences in length and scale could be the result of
adopting different reference points.
MATERIAL AND METHODS
The study was carried out on the material of 50
human hearts, of both sexes and ranging in age from
22 to 93 years (Fig. 1), which were fixed in 10% for-
malin and 98% ethanol solution. All the hearts ex-
amined were free from macroscopic pathological
changes or congenital heart disease and the cause
of death was non-cardiac. The heart was opened with
two cuts as follows: the first ran from the apex of
the right ventricle along its lateral margin and
through the posterior leaflet of the tricuspid valve;
the second led through the fibrous body of the left
AV outlet, the posterior leaflet of the mitral valve
and the ventricular wall between the anterior and
posterior papillary muscle to the apex of the heart.
The part of the right atrium containing Koch’s trian-
gle was then excised with the upper subvalvular part
of the right chamber so as to obtain the section con-
taining the AV junctional area (the AV node, AV bun-
dle and the branches of AV bundle). Accordingly the
cut was begun from the edge of the oval fossa and
was then directed down across the outlet of the cor-
onary gulf and the septal leaflet as far as the upper
part of the interventricular septum. For this purpose
the cut was lead from the oval fossa downwards
through the ostium of the coronary sinus and the
septal leaflet of the tricuspid valve, and finally it
reached the upper part of the interventricular sep-
tum. Next, the cut was lead crosswise the interven-
tricular septum reaching the wall of the aorta and
the anterior leaflet, i.e. aortal leaflet of the mitral
valve. The next cut was lead from the top, cutting
the above mentioned leaflet of the mitral valve
lengthwise and then the interatrial septum at the
level of the oval fossa. The last cut ran through the
interatrial septum, and within its anterior segment
through the walls of both atria and the aorta local-
ized between them. The excessive amount of fatty
tissue was removed from the obtained section and
its margins were smoothed. Then the section was
divided into two parts: anterior and posterior, along
the medial longitudinal axis of the oval fossa. The
tissue obtained was fixed in a 10% solution of for-
malin and, after being sunk in the paraffin, was cut
into layers of about 10 µm thick. According to the
age of the hearts, every 10th or 6th section was stained
by the Masson-Goldner method. The preparations
were examined under a LEICA 2000 and BIOLAR 2
microscope at magnifications of 2× to 400×. The
length and shape of the examined part of the con-
duction system were estimated on the basis of the
microscopic observations.
RESULTS
Each of the 50 examined hearts contained the
atrioventricular node and its initial parts. In all cases
the node consisted of two clearly differentiated lay-
ers. The first, the outer one, situated subendocar-
dially, was created by cells morphologically transient
between the atrial muscle cells and cells typical for
the conduction system. With regard to the topogra-
phy we distinguished two groups of transient cells,
namely anterior and posterior, with the border at
the level of the completely formed node (Fig. 2). Both
Figure 1. Schedule of material investigated. Figure 2. Histological view presenting the AV node with tran-
sient cells. TCad — deep; TCas — superficial; CFB — right
fibrous body; thick arrow — direct connection of the atrial
muscle and the node.
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groups consisted of two layers, a superficial one and
a deep one. In all 50 of the hearts examined we were
able to observe the presence of superficial cells in
both anterior and posterior groups (100%). Differ-
ences in prevalence appeared in the deep layers.
Posterior cells of the deep layer were present in
7 hearts (14%), while the anterior group was present
in 35 hearts (70%). The transient cells were a con-
stant intermediary element between the atrial mus-
cle and the conduction system. However, they were
not the only morphological element in the perinod-
al area directly connected to the initial zone of the
node or the compact AV node itself. Direct connec-
tions between the interatrial septum muscle cells
(Fig. 3) and both the initial zone of the node (its
upper part) and the AV node itself could be found in
each of the hearts examined (100%). The presence
of such alternative connections can form a gate for
the impulse penetrating directly to the AV node.
We observed that the initial zone of the AV node
is created by an assembly of cells typical for the con-
duction system, which can create 3 groups, initially
independent of each other, and always arranged
around the AV nodal artery (Fig. 4). We divided them
into the following groups depending on their rela-
tion to the artery: the superior group located above
the artery, to the left and supported by right fibrous
body, the inferior group located below the artery
and supported on the lower part of the attachment
of the septal leaflet of the tricuspid valve, and the
middle group located below the nodal artery. In all
the hearts examined we found at least 2 initial parts
of the node, the superior and the inferior (Fig. 5).
These 2 groups were present in 45 hearts (90%). In
the last 5 cases (10%) there was also a middle group.
No cases were found either with a single initial group
or without any initial groups. In the sections exam-
ined the superior group appeared to be first in
27 hearts (54%), while in 23 cases (46%) it was the
inferior group. The length of each group was measured
from its first appearance to its first direct contact
with the second part. The length of the superior part
varied from 0.15 to 2.91 mm (mean 0.90 ± 0.6 mm),
the inferior from 0.11 to 2.41 mm (mean 0.88 ±
± 0.6 mm) and the middle from 0.67 to 2.21 mm
(mean 1.04 ± 0.7 mm) (Table 1). As mentioned
above, in all 50 hearts there was a direct connection
between the atrial muscle and the upper origin of
Figure 4. Histological view presenting the initial zone of the AV
node in its upper part (supported on the right fibrous body) and
direct connections with the muscle of the inferior marginal bun-
dle marked by arrow. CFB — right fibrous body.
Figure 3. Histological view presenting the compact zone of the
AV node and direct connection with the interatrial septum muscle
(arrow). CFB — right fibrous body, AVN — atrioventricular node.
Figure 5. Histological view presenting 2 initial zones of AV node.
S — superior group; I — inferior group; CFB — right fibrous body;
C — direct connection of the inferior group of the AV node with
the suborificial muscle; TC — superficial, transient, anterior cells.
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Table. 1. Measurement of initial zones of the human heart
Number of specimen Age Sex Superior initial zone [mm] Inferior initial zone [mm] Middle initial zone [mm]
1/K266 57 M 1.09 0.79 0.67
2/K254 74 K 2.51 1.91 0.71
3/D31 81 K 0.91 0.81 0.81
4/K271 44 M 1.01 1.11 0.81
5/K267 56 K 2.21 2.41 2.21
6/K272 71 M 0.31 0.11 –
7/D12 55 M 0.35 0.15 –
8/D36 22 K 0.25 0.19 –
9/D39 28 M 0.39 0.19 –
10/K279 45 K 1.01 0.21 –
11/D28 31 M 0.45 0.25 –
12/K261 60 M 0.61 0.25 –
13/D56 19 M 0.63 0.27 –
14/D66 66 M 0.51 0.31 –
15/D35 34 M 0.27 0.33 –
16/D57 71 K 0.51 0.33 –
17/D50 71 M 0.15 0.35 –
18/D46 67 M 0.45 0.39 –
19/D51 50 M 0.57 0.39 –
20/K276 86 K 0.51 0.41 –
21/D67 85 M 0.91 0.41 –
22/K257 97 K 1.11 0.41 –
23/K265 67 K 0.91 0.43 –
24/D34 70 K 0.27 0.51 –
25/K280 42 M 0.81 0.51 –
26/K274 85 K 0.71 0.61 –
27/K273 64 K 0.71 0.61 –
28/K277 73 M 0.81 0.71 –
29/K270 44 M 1.11 0.71 –
30/D61 48 K 0.55 0.75 –
31/D65 84 K 1.45 0.75 –
32/D28 31 M 0.63 0.81 –
33/D30 62 K 0.73 0.85 –
34/D40 44 K 0.57 0.87 –
35/D42 47 M 0.81 0.87 –
36/D49 81 K 0.21 0.9 –
37/K291 60 M 1.01 0.91 –
38/D37 45 M 0.65 1.15 –
39/K278 35 M 1.09 1.15 –
40/D62 62 M 0.85 1.35 –
41/D41 71 M 0.85 1.35 –
42/D27 35 M 1.01 1.41 –
43/K287 76 M 1.21 1.41 –
44/K275 66 M 1.01 1.61 –
45/D63 50 M 2.91 1.61 –
46/K203 38 M 1.41 1.81 –
47/K250 80 M 1.61 1.91 –
48/K259 67 M 2.01 1.91 –
49/D48 58 M 1.81 2.01 –
50/D38 52 K 0.71 2.31 –
AVG 0.9028 0.8754 1.042
SD 0.58236338 0.61871892 0.65583535
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Figure 6. Histological view presenting the AV node. The thin
arrow indicates direct connections of the supra-orificial muscle
with the node; thick arrow — direct connection of the atrial
muscle and the node; CFB — right fibrous body.
Figure 7. Histological view presenting 3 initial zones of the AV
node. S — superior group; M — middle group; I — inferior
group; CFB — right fibrous body.
AV node. Furthermore, in all sections (100%) the
same part of the interatrial septal muscle connected
with the compact part of the node. Additionally, in
3 cases (6%) we were able to observe direct connec-
tions between the muscle fibres running from the
fasciculus limbicus inferior to the initial zone of the
AV node: in 2 cases (4%) with the superior group
and in 1 case (2%) with the inferior group (Fig. 4). In
8% of the material the atrial muscle of the supra-
orificial zone made direct contact with the superior
initial group and the compact zone of the node and
in 10% there was contact between the suborificial
muscle and the inferior group and the compact part
of the node (Fig. 6). This configuration was not ob-
served in relation to the middle and inferior groups.
On the basis of our study we were able to con-
clude that the prevalence of at least two initial zones
of the node, the superior and the inferior, was con-
stant and occurred in each of the hearts examined.
Our data suggest that the middle group is an addi-
tional one that occurs sporadically but that the di-
rect connections between the interatrial septum
muscle and the superior group and the compact zone
of the node are also constant (Fig. 7).
DISCUSSION
The AV node is physiologically only one of the
“bridges” between the atria of the heart and its
chambers. It is usually situated in the right atrium,
in the region topographically designated as the tri-
angle of Koch, well-known to all electrophysiologists
as one of the components of the atrioventricular junc-
tional area. According to physiology, the atrio-ven-
tricular node is the only “bridge” connecting atria
and ventricles. Topographically it is localized in the
right atrium in the area designated by Koch’s trian-
gle. It is a part of the atrio-ventricular junction. This
term was introduced to the common use for the first
time by Hecht et al. [6]. Nevertheless it was Ander-
son and the independent group of prominent scien-
tists who in 1975 [1], relying in their own many years’
studies,  systematized the knowledge of the heart
conductive system. Within the junction they distin-
guished 4 regions: transitional one, the region of
the compact atrio-ventricular node, the penetrating
bundle and the branching bundle. Although its was
discovered almost 100 years ago, the node alone as
well as the junction still rise many controversies.
Due to the arrhythmias originating in this region
and the development of the invasive methods of
therapy, within the last few years it became a sub-
ject of the intensive studies. The three-dimensional
model of the AV node for the first time was devel-
oped by Ho et al. [7]. Considering their results and
his own electrophysiological and clinical observations
Hecht et al. [6] introduced another scheme. Never-
theless they did not consider the histology of the
junction. On the other hand, Denes et al. [4] created
a completely new concept of its structure utterly dif-
ferent than the original one. Basing on his observa-
tions he stated that the node is uniform structure
and, concerning its morphology, shouldn’t be divid-
ed. He also suggested that transitional cells are the
initial part of the node. Considering results of our
studies, we can not agree with that. Denes et al. [4]
during electrophysiological studies proved that tran-
sitional cells area and the beginning of the node do
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differ from each other. Additionally he described fi-
bers penetrating into tricuspid valve and afterwards
reaching the distal part of the node. Considering our
own results we could not confirm those observations.
The Anderson’s model of the node is the most func-
tional one [1]. He presented the occurrence of two
beginnings of the node, where the lower one is longer
than the upper. The results of my study differ from
the above — the upper beginning occurred to be long-
er. Moreover in some cases (10% of the hearts) I was
able to distinguish a third beginning, which appeared
directly behind the artery of the AV node. According
to the model recently presented by Becker et al. [9],
almost in half of the examined hearts only one (left
or right) beginning of the node was observed. It was
named the “posterior extension” [9]. None of such
cases was found in my study. The length of the “ex-
tensions” described by above mentioned authors
were also distinctly larger to those that I could find.
Different reference points of measurements could
be a reason of such a diversity. Unfortunately, the
detailed data were not contained in the paper [9].
Moreover those results are not concordant with the
previous reports of Anderson and Becker [1] as well
as Davies et al. [2]. In his recent papers Anderson
did not assume an attitude towards the changes in-
troduced to the model [1]. According to Ionue, the
study was carried out on the healthy hearts, but ob-
tained from individuals suffering from disorders that
could influence the size, dimensions, and weight of
the studied material.
The possibilities given by the electrophysiologi-
cal examination are significantly helpful in putting
the opinions on mechanisms of dysrrhythmia gener-
ation in order. The atrio-ventricular nodal reentry
tachycardia is the most common supraventricular
arrhythmia, where the anatomical structure seems
to take an important part. At the very beginning it
was supposed that both pathways are localized with-
in the atrio-ventricular node. Through intraoperative
mapping currently it is believed that the pathways
are localized in the region of the Koch’s triangle and
the node itself it just one of the links of the loop [1, 4].
During a detailed intraoperative mapping McGuire
proved that the region of the slow conduction during
AVNRT covers the area of 8 × 3 mm, whereas McGuire
presented that size and location on scheme [16]. After
morphological analysis of the heart with previous
ablation of the slow pathway [5]. Holman et al. [8]
coupled the histological and electrophysiological data.
However no differences were found in the structure
of AV junction between individuals with and with-
out nodal reentry tachycardia. Instead it was sug-
gested that the fast as well as slow pathways are
common to everybody, and the pathology originates
from too long refraction period of the fast pathway
and too short of the slow pathway [5]. The double
path of conduction can be documented only in such
subjects. Nevertheless, as some of the researchers
noticed, the concept of dualism in the AV node does
not explain numerous forms of atypical nodal tachy-
cardia, observed in ca. 7.6% of people with AVNRT.
Wu et al. [22] introduced a model of a double, 8-shaped
loop, consisting of slow, fast and intermediate path-
way. If all of them conducted in both directions:
descending and ascending, it would give 6 types of
tachycardia, and 4 types, if the intermediate path-
way conducted only in retrograde direction. There
are also concepts of 9-shaped loops with the en-
trance and circulation within the area of the node
[14, 15, 21]. I would like to mention, as I also report-
ed before, that during the studies I have observed
a presence of archipelagos of the tongues penetrat-
ing the right fibrous ring as well as loop-shaped.
Additionally, the proliferation of the fibrous and fatty
tissue within the node developed in conjunction with
the age, perturbing its homogenous structure. This
could be a morphological substrate for the atypical
tachycardia occurrence.
Currently a selective ablation of one of the path-
ways is a radical treatment of the reentry tachycar-
dia. The clinicians argue which of the pathways
should be destoyed [4, 8, 15–17, 21]. Each of the
methods has some advantages and disadvantages.
At the beginning the only being ablated was the fast
pathway, most probably consisting of the “last fi-
bers” passing by the node [12] or the atrial fibers
directly penetrating either the His’ bundle [18] or
the node. A short application of the current was ef-
ficient. However due to high rate of complications
as atrio-ventricular block (5–8%) it was given up.
Currently the slow pathway ablation is a method of
choice [23]. It is localized close to the outlet of the
coronary sinus, distantly from the compact zone of
the AV node. The complications are rare (2–3%) and
most probably are the effect of AV node artery dam-
age [11, 13]. However the explanation of so called slow
pathway potentials and nodal rhythm acceleration
during the ablation is still a subject of presumptions.
Perhaps the influence on complications of the abla-
tion of the tachycardia in the zone of the slow con-
duction has an occurrence of initial zones. This un-
fortunately demands further research and is in hearts
with proved and ablated arrhythmia.
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